In 1898 J. A. Allen described a new species of pocket gopher, Thomomys atrovarius, on the basis of 3 specimens collected from the coastal lowlands of Sinaloa, Mexico. He described the pelage of these specimens as ' '[a] bove plumbeous, slightly tinged with brown through a slight brownish tipping of the hairs; below plumbeous, the hairs very slightly grayish tipped'' (Allen 1898:148 ). Allen's brief description did not mention the unusually short and sparse pelage of T. atrovarius, a condition seen nowhere else in the Geomyidae except in certain populations of the genera Orthogeomys and Pappogeomys. Allen's superficial description of T. atrovarius, combined with the paucity of specimens of T. atrovarius in museum collections, might have contributed to the decision by Nelson and Goldman (1934) to place this unusual species in synonymy with T. umbrinus without comment.
The unusual pelage of T. u. atrovarius attracted more attention from biologists when it was discovered almost 90 years later that this morphological divergence was accompanied by a high degree of genetic divergence from other subspecies of T. umbrinus on the basis of multilocus investigations of allozymes (Hafner et al. 1987; Patton and Smith 1981) and analysis of mitochondrial deoxyribonucleic acid (mtDNA) sequences (Smith 1998) . On the basis of allozymic and chromosomal evidence, Hafner et al. (1987) suggested that T. u. atrovarius might warrant a return to full species status, and this point was reiterated recently by Á lvarez-Castañeda (2010) on the basis of mtDNA evidence. In both studies T. u. atrovarius was considered to be restricted to the coastal lowlands of southern Sinaloa and Nayarit, and representative samples were from a single locality. w w w . m a m m a l o g y . o r g This study is designed to determine the evolutionary relationships of T. u. atrovarius within the geographically widespread T. umbrinus clade (Fig. 1) . Interest in this question prompted fieldwork in 2007 and 2009 to collect key specimens of Thomomys in the Mexican states of Chihuahua, Jalisco, Nayarit, Sinaloa, Sonora, and Zacatecas. Herein, the specimens collected on those trips, plus others representing T. umbrinus and the sister species, T. bottae, are the focus of morphological, ecological, and molecular investigations to determine phylogenetic relationships among the pocket gophers (Thomomys) of western Mexico.
MATERIALS AND METHODS
Sampling, amplification, and sequencing.-Specimens (103) of Thomomys were collected in northwestern Mexico ( Fig. 1 ; Appendix I) using standard trapping methods that conform to the guidelines of the American Society of Mammalogists (Sikes et al. 2011) . Representative specimens from each locality were karyotyped in the field using the postmortem method of Hafner and Sandquist (1989) . Karyotyping was used in this study only to determine diploid number. Vouchers were prepared as skin-plus-skeleton specimens (Hafner et al. 1984) and deposited in either the Louisiana State University Museum of Natural Science (LSUMZ) or the Colección Nacional de Mamíferos, Instituto de Biología, Universidad Nacional Autónoma de México (CNMA). Tissue specimens from 9 localities represent the focal group (T. umbrinus from the Pacific coast of mainland Mexico; 2n 5 76; localities 10, 12, 15, 16, and 18-22 in Fig. 1 ), specimens from 4 localities represent the Sierra Madre group of T. umbrinus (Hafner et al. 1987 ; 2n 5 76; localities 2, 3, 13, and 17 in Fig. 1 ), specimens from 3 localities represent the Central Plateau group of T. umbrinus (2n 5 78; localities 23-25 in Fig. 1 ), and specimens from 1 locality represent the Northern Desert group (2n 5 78; locality 1 in Fig. 1 ). Specimens from 6 additional localities (6) (7) (8) (9) 11 , and 14 in Fig. 1 ), all collected between 1962 and 1965, were used in the analysis of ancient DNA. Two individuals of T. bottae (localities 4 and 5 in Fig. 1 ) were included as outgroups in the analysis, along with 1 specimen each of T. bulbivorus, T. mazama, T. monticola, and T. talpoides (localities not mapped). The T. mazama and T. monticola specimens were included in the cytochrome b (Cytb) analysis only.
DNA sequences were obtained from 2 nuclear genes, the 59 end of exon 1 of the single-copy interphotoreceptor retinoid binding protein (IRBP; 1,272 base pairs [bp] ) and the growth hormone receptor gene (GHR; 832 bp). Sequences also were obtained from the mitochondrial genes Cytb (1,140 bp) and 12S ribosomal ribonucleic acid (12S; 850 bp). DNA was extracted from approximately 25 mg of liver or kidney tissue using the DNeasy tissue kit (Qiagen, Valencia, California) . DNA from each animal in this study was amplified using the following polymerase chain reaction (PCR) conditions in a 25-ml reaction volume: 1-2 ml (50 ng) of template DNA, 1 ml of 10 mM dinucleotide triphosphates (2.5 mM each of deoxyadenosine triphosphate, deoxycytosine triphosphate, deoxyguanosine triphosphate, and deoxythymidine triphosphate), 1 ml of primer (see Appendix II for list of primers), 2.5 ml of MgCl (25 mM), 2.5 ml of 103 buffer, 0.1 ml of Taq (Amplitaq Gold DNA polymerase; Applied Biosystems, Foster City, California), and sterile deionized H 2 0 (dH 2 0). The thermal profile consisted of 95uC for 2-10 min, followed by 30-35 cycles of the following: denaturation at 95uC for 15-90 s, annealing at primer-specific temperature (Appendix II) for 20-120 s, 1-2-min extension at 72uC, and final primer extension at 72uC for 5-10 min. Reaction products were visualized on a 1.5% sodium borate agarose gel stained with ethidium bromide or Syber Green (Zipper et al. 2004) . Positive amplicons then were purified with a 20% polyethylene glycol clean-up solution.
Both DNA strands were sequenced from clean reaction products using 1.5-2.1 ml of 53 sequencing buffer (Applied Biosystems), 1 ml of 10 mM primer (Appendix II), 1.5-3 ml of template, 0.35-0.5 ml of Big Dye Terminator cycle-sequencing kit 3.1 (Applied Biosystems), and 1.5-2.1 ml of sterile dH 2 0. Cycle-sequencing conditions consisted of 95uC for 5 min, followed by 40 cycles of the following: denaturation at 95uC for 30 s, annealing at 50uC for 10 s, and extension at 60uC for 4 min. Cycle-sequencing product was cleaned using Sephadex G-50 (GE Healthcare, Piscataway, New Jersey) in 400-ml dye terminator removal 96-well plates (Phenix Research Products, Candler, North Carolina). Amplicons were separated and visualized on an Applied Biosystems 3100 Genetic Analyzer FIG. 1.-Distribution of Thomomys umbrinus (areas outlined in black) and T. bottae (shaded areas) in Mexico, and location of samples collected for this study (Appendix I). Also indicated are the 5 genetic groups within T. umbrinus as defined by Hafner et al. (1987) , on the basis of examination of chromosome and allozyme variation in 461 individuals representing 26 populations; geographic distribution of each clade is revised on the basis of this study.
housed in the LSU Museum of Natural Science. Sequences were assembled and edited in Sequencher 4.7 (Gene Codes Corp., Ann Arbor, Michigan), and alignments were made using the MUSCLE alignment algorithm in Geneious 5.2 (Drummond et al. 2009 ). Genetic divergence values and phylogenetically informative sites were analyzed in MEGA (Tamura et al. 2007 ). All sequences were deposited in GenBank (accession numbers HQ141715-HQ141791 and JF795327-JF795332; Appendix I).
Ancient DNA analyses.-Pocket gophers could not be obtained from 6 historically important localities (localities 6-9, 11, and 14 in Fig. 1 ), so we used the following protocol to extract and sequence ancient DNA from museum study skins of specimens collected from these localities between 1962 and 1965. Before DNA isolation, museum skin clips were hydrated at room temperature in a 13 phosphatebuffered saline solution (catalogue number BP399; Fisher Scientific, Fairlawn, New Jersey). The buffer solution was replaced 5 times over a 12-h soak period. After hydration, DNA isolation was accomplished using a DNeasy tissue kit (Qiagen, Valencia, California). The standard protocol as supplied by the manufacturer was modified to include pH adjustment of the sample to 6.5-7.0 before adding the sample to the column (Iudica et al. 2001) , and the DNA was eluted into 30-ml dH 2 O.
Amplification of short segments (,200 bp) of Cytb was accomplished using primers L14724 and H14926 (Demastes et al. 2003; Irwin et al. 1991; Appendix II) . After an initial denaturation stage of 95uC for 1 min, 36 PCR cycles were performed with the following thermal-cycling parameters: 1 min denaturation at 95uC, 1 min annealing at 46uC, and 1 min extension at 72uC. PCR products were prepared for sequencing using EXO-Sap-IT (USB, Cleveland, Ohio). Sequencing was performed at the DNA Sequencing and Synthesis Facility, Iowa State University, Ames, Iowa. Ancient DNA sequences were deposited in GenBank (accession numbers HM467186-HM467191).
Phylogenetic analyses.-Maximum likelihood (ML) analyses were performed using the method implemented in PAUP* v4.0b10 (Swofford 2002) , and Bayesian inference (BI) analyses were performed using MrBayes 3.1.2 (Ronquist and Huelsenbeck 2003) . For each of these model-based analyses the fit of 24 models of nucleotide substitution for each gene was evaluated separately and in combination (nuclear sequences only, mitochondrial only, nuclear + mitochondrial) using the Akaike information criterion as implemented in MrModeltest 2.3 (Nylander 2004) . For both the ML and BI analyses the GTR + I + G model was selected for Cytb and 12S, the GTR + I model was selected for IRBP, and the HKY + I model was selected for GHR. For the ML analyses the GTR + I + G model was selected for the combined mitochondrial data set and the fully concatenated data set (nuclear + mitochondrial sequences), and the GTR + I model was chosen for the combined nuclear data set. Full ML heuristic searches and bootstrapping (1,000 pseudoreplicates) were conducted using the preferred model for each data set in PAUP*. BI analyses were partitioned by gene using each gene's specifically estimated model, with rates allowed to vary across the partition. Model parameters were treated as unknown variables with uniform priors. Two independent runs were initiated with random starting trees and the temperature parameter set to 0.25 and run for at least 6,000,000 generations with 4 incrementally heated chains (Metropolis-coupled Markov chain Monte Carlo-Huelsenbeck and Ronquist 2001) and sampled every 100 generations. Convergence and stationarity were assessed using Tracer v1.5 (Rambaut and Drummond 2007) and AWTY (Nylander et al. 2008) . Trees generated before stationarity of log-likelihood scores was reached were discarded. Clade support was assessed using Bayesian posterior probabilities.
Morphometric analysis.-Because sexual dimorphism often is extreme in pocket gophers Patton and Smith 1990; Smith and Patton 1988) and museum samples often are biased heavily toward females (M. S. Hafner, pers. obs.), only adult females were used in most analyses. Adulthood was signaled by fusion of the exoccipitalsupraoccipital and basioccipital-basispheniod sutures (Daly and Patton 1986; Hafner et al. 2008) . The sample included 31 specimens of T. umbrinus from the Pacific coast of Mexico and 35 specimens of T. umbrinus from the Sierra Madre Occidental. Eight additional specimens were from 4 geographically intermediate localities that could not be assigned easily to the Pacific coast or Sierra Madre Occidental groups; these were treated as unassigned localities. Finally, 6 additional specimens were male holotypes. Twelve cranial characters were measured to the nearest 0.1 mm on these 87 specimens (Appendix I) using hand-held digital calipers (all measurements were made by ARG): occipital-nasal length (ONL), occipital-incisor length (OIL), nasal length (NL), rostral width (RW), width of interorbital constriction (IOC), zygomatic breadth (ZB), cranial width, mastoid breadth (MB), diastema length (DIA), length of maxillary tooth row, breadth of mandible, and mandible length. This set of characters has proved informative in previous morphometric studies of pocket gophers Patton and Smith 1990; Smith and Patton 1988) . Univariate and multivariate statistics were performed using SYSTAT version 7.0 (Wilkinson 2007) . Raw data were standardized (X 5 0, SD 5 1) to reduce the effects of individual size variation, and a Lilliefors test was used to assess normality of the transformed data. We used multivariate analysis of variance (MANOVA) to test the null hypothesis of no significant difference among groups. Homogeneity of variance was assessed using Bartlett's test. We used both principal component analysis and direct discriminant function analysis of standardized morphometric data to determine if groups could be separated without or with (respectively) an a priori hypothesis of group membership in 3 groups identified by molecular genetic (mtDNA and nuclear DNA [nDNA]) analyses. Unassigned specimens were excluded from initial calculations of discriminant functions and assigned to groups with a posterior probability on the basis of Mahalanobis distance-square from group means. Tukey pairwise comparison of standardized group-population mean values of the first discriminant function (DF1) was used to identify populations that are morphologically similar at P 0.95.
Bioclimate modeling.-Bioclimatic data were used to examine climatic variation throughout the distribution of Thomomys in Mexico. Specimens from 21 localities (Appendix I) were assigned to groups on the basis of the genetic clades identified in this study. For the bioclimatic analysis 11 temperature (uC) and 8 precipitation (mm) variables were downloaded from WORLDCLIM version 1.4 (Hijmans et al. 2005a) , including annual mean temperature, mean monthly temperature range, isothermality ([mean monthly temperature range divided by annual temperature range] 3 100), temperature seasonality (standard deviation 3 100), maximum temperature of warmest month, minimum temperature of coldest month, annual temperature range, mean temperature of wettest quarter (3 consecutive months), mean temperature of driest quarter, mean temperature of warmest quarter, mean temperature of coldest quarter, annual precipitation, precipitation of wettest month, precipitation of driest month, precipitation seasonality (coefficient of variation of monthly means), precipitation of wettest quarter, precipitation of driest quarter, precipitation of warmest quarter, and precipitation of coldest quarter. These 19 variables were extracted for each of the collecting localities from which specimens were examined for this study using DIVA-GIS, version 5.2 (Hijmans et al. 2005b) . The program DOMAIN (Hijmans et al. 2005b ) was used to predict the suitability of unsampled areas. The predicted distributions were compared visually with the currently known distribution of T. umbrinus (Hafner et al. 1987 ) and with the habitat types for this region of Mexico, as defined by Olson et al. (2001) . Variables were analyzed across collecting localities by discriminant function analysis to determine which variables and combination of variables best define the habitat of pocket gophers for each predefined group.
RESULTS
Analysis of mtDNA.-Of 1,140 bp of the Cytb gene and 850 bp of the 12S gene, 407 and 119 bp, respectively, were potentially phylogenetically informative. Independent BI and ML analyses of these genes produced identical trees once nodes with weak support-defined as BI posterior probability (pp) , 95% or ML bootstrap (bs) , 80%-were collapsed. The mtDNA sequences were concatenated and reanalyzed, yielding trees (not shown) with strong nodal support for the terminal and subterminal branches but only moderate support for basal nodes. These trees showed support for monophyly of T. umbrinus (pp 5 100%; bs 5 91%) and strong support (pp 5 100%; bs 5 98%) for monophyly of the Coastal Sinaloa group of Hafner et al. (1987) .
Analysis of nDNA.-Phylogenetic analyses were conducted independently for each of the 2 nuclear genes, and a partitioned homogeneity test revealed no significant difference between tree topologies (P 5 0.168). Accordingly, the 2 nuclear sequences were concatenated into a 2,104-bp fragment, of which only 44 bp were variable and potentially phylogenetically informative. ML and BI analyses of the combined nuclear sequences yielded very similar trees, and when nodes receiving weak support were collapsed, the trees (not shown) were identical in topology. Both analyses showed T. umbrinus to be monophyletic relative to T. bottae. Within T. umbrinus phylogenetic resolution was low, but the trees based on nuclear data showed no topological conflicts with the trees based on mtDNA data.
Combined analyses.-Lacking topological conflicts, the mitochondrial and nuclear data sets were combined and analyzed using ML and BI approaches. The resulting trees showed identical topology once nodes with weak support were collapsed. The tree (Fig. 2) shows 4 major clades that are generally consistent with the genetically and chromosomally defined groups recognized by Hafner et al. (1987) . The uppermost clade in the figure includes representatives of both the northern and southern Sierra Madre groups of Hafner et al. (1987) . Although our analysis included only 3 samples of this clade, the relationships among specimens in Fig. 2 do not support the distinction between the northern (T. u. madrensis) and southern (T. u. chihuahuae) Sierra Madre clades reported by Hafner et al. (1987) . Henceforth, these clades will be referred to collectively as the Sierra Madre clade.
The population of pocket gophers from Santa Teresa, Nayarit, originally described as a separate species, T. sheldoni, by Bailey (1915) , is linked with the other 2n 5 76 gopher clades but shows no particularly close association with either of them (Fig. 2 ). This population shows an average of almost 16% corrected Cytb divergence from the 3 other clades of T. umbrinus (range 15.3-16.4%; Table 1 ).
The Coastal Sinaloa group of Hafner et al. (1987;  henceforth called the Pacific Coast clade because it is now known to extend into higher elevations in Nayarit, Jalisco, and Durango) forms a strongly supported clade (pp 5 100% and bs 5 95%) that is linked with the aforementioned Sierra Madre and Santa Teresa clades. This trio of clades includes all Mexican Thomomys with 2n 5 76, but the node linking these clades received only 78% bootstrap support in the ML analysis.
The final clade in Fig. 2 , T. umbrinus, includes representatives of the Northern Desert group (locality 1, Fig. 1 ) and the Central Plateau group (localities 23-25, Fig. 1 ) of Hafner et al. (1987) . Relationships among pocket gophers from these 4 localities are only partially resolved, but support for union of these populations into a single clade is strong (pp 5 100% and bs 5 100%). This group contains all Mexican Thomomys with 2n 5 78.
Estimates of genetic divergence.-Mean within-clade patristic distances for the Cytb gene (corrected by Kimura 2-parameter method-Kimura 1980) ranged from 9% within T. umbrinus specimens from the Pacific Coast clade to 13.7% within T. umbrinus from the Central Plateau clade (Table 1) . Mean Cytb divergence values among the 4 major clades of T. umbrinus identified in this study ranged from a low of 15.3% between the Santa Teresa population and the Sierra Madre Occidental clade to a high of 16.9% between the Pacific Coast and Central Plateau clades. The overall mean corrected distance between the 4 T. umbrinus clades in Fig. 2 and T. bottae was 18.1%.
Ancient DNA analyses.-A 139-bp fragment of the Cytb gene was amplified and sequenced for specimens from localities 6-9, 11, and 14 ( Fig. 1) . Sequences from specimens representing all other localities in this study were trimmed to the same 139 bp, and parsimony, neighbor-joining, and ML analyses of these short fragments were consistent in placing the ancient DNA specimens within the Pacific Coast clade. Although support for all nodes was weak in all analyses of ancient DNA, specimens from localities 11 and 14 usually grouped with the specimen from locality 12 (Camino Real de Piaxtla, Sinaloa), and specimens from localities 6, 7, and 9 usually grouped with the specimen from locality 10 (Pericos, Sinaloa). Placement of the specimen from locality 8 (15 km N, 65 km E of Sinaloa, Sinaloa) within the Pacific Coast clade was equivocal in all analyses. Average uncorrected sequence divergence within these clusters, on the basis of 139 bp of Cytb, was 3.74% (range 0% to 5.8%). By comparison, average uncorrected sequence divergence between the Pacific Coast clade and the Sierra Madre Occidental clade, on the basis of the same 139 bp, was 13.66% (9.6% to 17.3%).
Morphometric analysis.-A MANOVA based on female specimens revealed significant differences among the 3 genetic groups for 8 of 12 variables (P , 0.05, d.f. 5 2, 71; multivariate Wilks' L 5 0.138, F 24,122 5 8.455; Pillai's trace 5 1.230, F 24,122 5 8.122; and Hotelling-Lawley trace 5 3.576, F 24,122 5 8.790; all P , 0.001). Inspection of a plot of the first 2 principal components of a principal component analysis (not shown) indicated broad overlap among the groups. Because of the lack of delineation of groups on the basis of morphometric data, specimens were instead grouped a (Fig. 1) , and current subspecies taxonomy (Hall 1981 ) is indicated for each population. Strong support exists for monophyly of Thomomys populations from the Pacific coast of mainland Mexico (shaded box), which we herein recognize as T. atrovarius. The scale bar represents number of substitutions per site. priori according to the 3 lineages identified by molecular analyses and subjected to discriminant function analysis.
Results of the discriminant function analysis indicated 2 functions with eigenvalues . 1. Unassigned specimens were assigned to groups on the basis of separate discriminant function analyses of neighboring groups (Table 2) , and female specimens, once assigned, were included in subsequent calculations of discriminant functions. For unassigned female specimens posterior probability of assignment was generally .0.90. Some holotypes were males, and these individuals also were treated as unknowns, and their posterior probabilities of assignment also were generally .0.90. However, assignments of males in an otherwise all-female analysis should be viewed with caution. For example, the male holotype of T. u. extimus from Colomo in extreme southern Nayarit, an area from which only animals of the Pacific Coast clade are known, was assigned incorrectly to the Sierra Madre group (Table 2) . The correct assignment of T. u. extimus to the Pacific Coast clade was verified by examination of specimens from localities close to the type locality (e.g., LSUMZ 36641 in Table 2 ), which were correctly assigned to the Pacific Coast clade, on the basis of external morphology and Cytb sequence data.
Specimens of the subspecies T. u. eximius (northern Sinaloa) deserve particular mention. Whereas all specimens assigned to this subspecies by Dunnigan (1967) from thornscrub habitats in the lowlands and foothills of northern Sinaloa were assigned to the Pacific Coast clade with high posterior probabilities, the holotype of this subspecies (United States National Museum of Natural History [NMNH] 96458, male; Table 2 ) and a female paratype collected in pine-oak woodlands at approximately 1,500 m elevation in the Sierra del Choix were assigned to the Sierra Madre clade with high posterior probabilities (1.00 and 0.95, respectively).
Character loadings on the first function (DF1) in a discriminant function analysis including all specimens did not indicate a strong influence of overall size (Table 3) . Plots of the individuals on the first 2 functions (Gaussian bivariate confidence ellipse 5 0.75; Fig. 3 ) indicate some overlap among the 3 groups. Percentage of individuals correctly classified to a priori groups ranged from 86% (Santa Teresa group) and 87% (Pacific Coast) to 94% (Sierra Madre).
We evaluated variation in DF1 scores among the 3 groups along north-south transects of grouped populations using box diagrams and Tukey pairwise mean comparisons (Fig. 4) . Significant (P , 0.05) breaks in smooth clinal variation were TABLE 2.-Group assignments for type specimens of all Thomomys umbrinus subspecies with 2n 5 76. Specimens were assigned to the Sierra Madre, Santa Teresa, or Pacific Coast groups on the basis of a discriminant function analysis of morphological characters or, when fresh tissue or skin clips were available, on analyses of mitochondrial cytochrome b sequences. PP 5 posterior probability of group assignment. The assignment of specimens indicated by asterisks should be viewed cautiously because these are male holotypes that were assigned to group membership in an otherwise all-female morphometric analysis. For example, the male specimen in boldface below clearly belongs to the Pacific Coast clade on the basis of all other evidence (discussed in text). ''Near topotypes'' were collected within 25 km of type localities. Fig. 5 ). The 1st and 2nd canonical axes together explained 94% of overall variation in the climatic variables, and the climatic envelopes of the 3 groups were well separated on both axes. All individuals were assigned correctly to the predefined groups on the basis of the environmental variables alone.
Because the 3 clades of T. umbrinus do not overlap geographically (Fig. 1) , it is not surprising that they show little environmental overlap (Fig. 5) . Two climatic variables, precipitation in the wettest quarter of the year and isothermality of the habitat, loaded heavily on the 1st canonical axis, whereas precipitation in the driest quarter of the year and precipitation during the coldest quarter loaded most heavily on the 2nd axis.
DISCUSSION
Species status of T. umbrinus of the Pacific coast of mainland Mexico. -Hafner et al. (1987) reported large chromosomal and genetic differences among 23 populations of T. umbrinus and speculated that T. umbrinus actually is a composite of at least 3 biological species, 1 with a diploid number of 78 (Northern Desert and Central Plateau groups in Fig. 1 ), another with a diploid number of 76 (Northern and Southern Sierra Madre groups), and a Pacific coastal group (labeled Coastal Sinaloa in Fig. 1 ), also with a diploid number of 76. Á lvarez-Castañada (2010) analyzed Cytb sequences in several populations of these same groups and concluded that the Sierra Madre group and the Pacific coast group each were deserving of species status as ''T. chihuahu[a]e'' (sic) and T. atrovarius, respectively (Á lvarez-Castañada 2010). In our opinion the sample size of genes (1 mitochondrial gene) and specimens (3 populations from the Sierra Madre group, all from a limited geographic area, and 1 from the Pacific coast group) examined by Á lvarez-Castañada (2010) were too small to make a robust case for species status of either group of Thomomys. Moreover, Á lvarez-Castañada (2010) did not include specimens of T. u. sheldoni from the southern Sierra Madre Occidental, which, if shown to be conspecific with T. u. chihuahuae of the northern Sierra Madre Occidental, has nomenclatural priority over the name chihuahuae. In this study we bring additional evidence to bear on the species status of T. atrovarius and leave the status of T. chihuahuae to a future study (by VLM) based on larger samples of genes and specimens.
Extrapolating from previous studies of genetic interactions at pocket gopher contact zones, Hafner et al. (1987) argued that diploid number differences in T. umbrinus (2n 5 76 versus 2n 5 78) likely would result in meiotic imbalances in hybrid individuals. Several fixed allelic differences between pocket gophers with 2n 5 76 and 2n 5 78 in the Hafner et al. (1987) animals have not been found in contact, it is likely that they meet along the Río Presidio or one of the other numerous rivers that transect the western slopes of the Sierra Madre Occidental. If so, the genetic evidence suggests strongly that the 2 groups are genetically, if not reproductively, isolated from one another.
The large Cytb divergence values measured within T. umbrinus in this study (as high as 19%) exceed all intraspecific Cytb divergence values reported for 36 species of mammals by Baker and Bradley (2006) and therefore are consistent with the contention of multiple species within T. umbrinus. Although it is well established that degree of genetic divergence often is decoupled from species status in pocket gophers (Hafner et al. 1983 (Hafner et al. , 1987 Patton 1981; Patton and Yang 1977) , it is noteworthy that the within-T. umbrinus Cytb values measured in this study also exceed most interspecific and even some intergeneric values reported by Baker and Bradley (2006) .
Although samples of T. umbrinus from the Northern Desert, Central Plateau, and Sierra Madre Occidental were too few to address the species status of these populations in this analysis, samples of T. umbrinus from the Pacific coast of Mexico (the focus of this study) were sufficient to draw well-supported conclusions about the species status of pocket gophers from this region. In all analyses of the mitochondrial and nuclear sequence data (e.g., Fig. 2 ) populations of T. umbrinus from the Pacific coast of Mexico form a strongly supported clade distinct from all other T. umbrinus populations sampled. Specimens of T. umbrinus from the Pacific coast of Mexico also are morphologically divergent from surrounding T. umbrinus populations. The morphometric analysis of 11 cranial characters showed substantial, although not complete, separation between Pacific Coast and other T. umbrinus individuals (Fig. 3) , and the analysis of DF1 scores showed significant breaks between Pacific Coast and Santa Teresa animals in the south (circled number 1 in Fig. 4 ) and between Pacific Coast and Sierra Madre animals in the north (circled number 3 in Fig. 4) . Finally, discriminant function analysis of cranial characters showed 87% correct a posteriori assignment of Pacific Coast individuals to their predefined clade.
Within the Pacific Coast clade a significant morphological break occurs just north of the Río Piaxtla in Sinaloa (circled number 2 in Fig. 4) , which we regard as subspecies-level differentiation. A similarly positioned genetic break occurs north of the Río Piaxtla, with the northern group represented by the specimen from Pericos (locality 10 in Fig. 2 ). When specimens with ancient DNA sequences are added to the tree in Fig. 2 , specimens from north of the Río Piaxtla group with the Pericos specimen, whereas specimens from south of the Río Piaxtla group with the other southern specimens, with 2 exceptions that we think are intergrades between the northern and southern subspecies (see footnotes to Appendix I).
The analysis of climatic envelopes showed significant habitat differences between Pacific Coast T. umbrinus and other T. umbrinus in Mexico (Fig. 5) . Animals assigned genetically and morphometrically to the Pacific Coast clade are known only from areas of dry, thornscrub vegetation. In contrast, animals assigned to the Sierra Madre clade occur only in pine-oak woodlands, and those of the Central Plateau clade occupy open, sparsely vegetated desert habitat. The link between Pacific Coast animals and thornscrub vegetation is pronounced. Whereas populations of T. umbrinus and T. bottae often invade agricultural fields and are less abundant in surrounding areas of native vegetation, we found pocket gophers of the Pacific Coast clade generally absent in agricultural fields but present in the dry, thornscrub vegetation surrounding these fields.
Relationship of Pacific Coast T. umbrinus to other T. umbrinus clades.-Resolution of internal nodes in phylogenies of rapidly radiating groups, such as pocket gophers Steinberg and Pattton 2000) , poses a challenge to current analytical methods. This problem is compounded by the postdivergence propensity for reticulation in pocket gophers, which can result in an incorrect species tree even if the nodes of the tree are fully resolved and strongly supported (Patton and Smith 1994) . Our analyses of mitochondrial and nuclear sequences in this study provide little resolution to the question of relationships of the Pacific Coast clade within T. umbrinus (sensu lato). However, analyses of the combined sequence data set (Fig. 2) showed moderate support (0.97 Bayesian pp, but only 78% ML bs) for a clade comprised of the Pacific Coast, Sierra Madre, and Santa Teresa groups. These groups share the 2n 5 76 diploid number to the exclusion of all other T. umbrinus populations (2n 5 78). However, a diploid number of 76 is almost certainly plesiomorphic within the subgenus Megascapheus (Hafner et al. 1983; Patton 1981) and thus of no value in establishing phyletic relationships among member species.
Biogeography of Thomomys in Mexico.-Although the Trans-Mexico Volcanic Belt (TMVB) of central Mexico is currently the center of geomyid diversity (12 species representing 5 of the 6 extant geomyid genera occur in the TMVB- , it is not known which, if any, of the geomyid genera originated in the TMVB. Only 1 species of Thomomys (T. umbrinus) occurs in the TMVB, and the fossil record provides abundant evidence that the genus Thomomys originated in the western United States during the late Miocene or early Pliocene (Paleobiology Database 2011). As grasses began to dominate the increasingly arid regions of western North America in the mid-Pliocene (Webb and Opdyke 1995) , the fossil record shows that both subgenera of Thomomys (Thomomys and Megascapheus) experienced phyletic and distributional radiations, with the subgenus Thomomys expanding into what is now northwestern and north-central United States (e.g., T. talpoides-McMullen 1978) and the subgenus Megascapheus expanding into the southwestern United States and eventually Mexico (e.g., T. umbrinus- Mooser and Dalquest 1975) .
Biogeography of the Pacific Coast clade of Thomomys.-Currently, T. umbrinus is almost exclusively a Mexican species, and Mexico is clearly the center of diversification of the T. umbrinus complex (which includes T. umbrinus, T. atrovarius, and a probable 3rd species in the Sierra Madre Occidental [V. L. Mathis, pers. obs.], possibly T. chihuahuae of Á lvarez-Castañada 2010). The southern ecological affinities of the Pacific Coast clade suggest that this clade invaded the coastal versant from the south rather than the north (through present-day Sonora) or the east (over the Sierra Madre Occidental). The BIOCLIM model (Fig. 6) shows that the current range of T. atrovarius is part of a larger bioclimatic envelope that extends well to the south and is linked closely with that of the Sinaloan dry forest ecoregion of Olson et al. (2001) and the Neotropical region of Escalante et al. (2004) . As mentioned earlier, the thornscrub forest habitat occupied by T. atrovarius is markedly different from habitats occupied by other members of the T. umbrinus complex in Mexico, and similar habitat preferences are seen only in other pocket (Belfiore et al. 2008) . If, as we suspect, this divergence took place near the western end of the TMVB, relatively rapid fluctuations in the size of pluvial Lake Xalisco (Fig. 6, inset) , which reached a maximum surface area of approximately 70,000 km 2 during the late Pleistocene (De Cserna and Alvarez 1995), provide a possible mechanism for isolation and speciation of T. atrovarius in west-central Mexico.
The geographic distribution of the Pacific Coast clade is restricted to the Sinaloan Thornscrub subregion of the Sonoran Regional Desert, as defined by Hafner and Riddle (2005) . This subregion is bordered by the Sonoran subregion to the north, the Sierra Madre Occidental to the east, and the Sea of Cortez (Pacific Ocean) to the west. According to Hafner and Riddle (2005) , interglacial cycles of the Pleistocene played a major role in structuring the biological communities of coastal western Mexico. Freeze-intolerant or frost-sensitive desert plants that expanded northward along the coast during warm periods repeatedly were pushed into southern refugia in present-day Nayarit and Michoacán during cooler periods (Betancourt et al. 1990 ). During Pleistocene glacial maxima the extension of moist habitats around the many Sinaloan rivers that empty into the Sea of Cortez created filter barriers to southward dispersal of xeric-adapted taxa (Hafner and Riddle 2005) . For example, the Rio Fuerte in northern Sinaloa has been identified as an important filter barrier that played a major role in the evolution of the distinctive flora and fauna of the western coastal lowlands (Devitt 2006; Hafner and Riddle 2005) . The Rio Fuerte (together with the Sierra Barabampo) approximates the present-day boundary between the Sonoran and Sinaloan Thornscrub subregions and also marks the northern limit of the Pacific Coast clade of pocket gophers (T. atrovarius) in Sinaloa. As with any filter barrier, some species extend various distances across this boundary, and elements of the thornscrub vegetation continue north and inland as far as the Río Yaqui and Río Bavispe of northeastern Sonora. Currently, the arid-adapted species of the Sonoran Regional Desert reach their southernmost distribution, and the frostsensitive species of the dry tropical forests reach their northernmost distribution, in the vicinity of Río Piaxtla (,23u459N), just north of the Tropic of Cancer (23u279N) in south-central Sinaloa (Arriaga et al. 1997; Hafner and Riddle, in press; Morrone 2001 Morrone , 2004 Morrone , 2005 . The valley of the Río Piaxtla also marks the southern end of the transition zone between the 2 subspecies of T. atrovarius recognized in this study.
Taxonomic conclusions.-Previous analyses of allozymes and chromosomes (Hafner et al. 1987) , coupled with analyses of mitochondrial and nuclear DNA sequences, cranial morphology, and habitat characteristics (this study), show clearly that pocket gophers from the Pacific coast of Mexico currently recognized as T. umbrinus constitute a monophyletic unit diagnosable from all other clades of Thomomys in Mexico (see taxonomic key below). Diagnosability of the coastal form plus absence of detectable gene flow between it and Sierra Madre populations of T. umbrinus are sufficient evidence to recognize the coastal form as a distinct species in accordance with both the biological species concept and the phylogenetic species concept. Recognition of Pacific Coast populations of T. umbrinus as a distinct species requires elevation of the name atrovarius Allen 1898 (the ''black-and-brown pocket gopher''), which was described originally from the vicinity of Rosario in southern Sinaloa.
The level of genetic divergence between T. atrovarius and T. umbrinus (15.4% divergent from the Sierra Madre clade and 16.9% divergent from the Central Plateau clade) is similar to that measured between T. bottae and T. umbrinus (17.8%) and suggests a relatively long period of isolation of T. atrovarius along the Pacific coast of western Mexico. Results of this analysis cannot identify conclusively the sister taxon to T. atrovarius, but the BI analysis of the combined sequence data shows reasonably strong support for a sister relationship between the Pacific Coast clade and the other 2n 5 76 clades (BI pp 5 0.97; Fig. 2 ). If this sister relationship is confirmed in future research, recognition of T. atrovarius will render T. umbrinus paraphyletic. Á lvarez-Castañada (2010) recommended that the 2n 5 76 Sierra Madre populations be recognized as T. chihuahuae, but the name T. sheldoni has nomenclatural priority. Ongoing research by VLM will use larger samples of genes and populations to resolve the trichotomy at the base of the 2n 5 76 gophers to determine if this clade consists of 2 (T. atrovarius and T. sheldoni) or 3 (T. atrovarius, T. chihuahuae, and T. sheldoni) species.
Á lvarez-Castañada (2010) used genetic distance data to recommend that populations of T. bottae from southwestern California and most of the Baja California peninsula be recognized as T. anitae and populations of T. bottae from south and east of the Colorado River into mainland Mexico be recognized as T. fulvus. Although genetic gaps between monophyletic clades might signal species-level breaks, we reject genetic distance as the sole arbiter of species status in pocket gophers. Accordingly, in the key presented below we treat T. anitae and T. fulvus as junior synonyms of T. bottae and will continue to do so until corroborative evidence from multiple sources of data supports their species status. Russell (1968) .
Comments.-The 9 recent species of Thomomys (Patton 2005) are allocated into 2 subgenera, Thomomys and Megascapheus (Thaeler 1980) . Mexican species of Thomomys, currently T. bottae and T. umbrinus, are members of the subgenus Megascapheus. Recognition of T. atrovarius adds a 3rd species of the subgenus Megascapheus to the Mexican fauna. The synonymy of T. atrovarius follows.
Thomomys atrovarius J. A. Allen, 1898 Black-and-Brown Pocket Gopher (Synonymy under subspecies)
Geographic range.-Restricted to thornscrub forest habitats extending southward from extreme northeastern Sinaloa, western Durango, and northwestern Jalisco, to southern Nayarit (Coastal Sinaloa group in Fig. 1 ). Elevational range approximately 50 m to 2,400 m.
Description.-Pelage moderately dense to very sparse, sometimes almost naked on ventrum. Dark chocolate brown to dull gray-black dorsally, occasionally with wash of lighter brown or gray laterally. Ventrum similar in color to dorsum with occasional wash of light gray. One pair of pectoral mammae in females. Baculum in males usually ,11 mm. Diploid number is 76.
Comments.-Geographic variation in T. atrovarius morphology shows a clear north-to-south clinal pattern, with a significant break in the vicinity of the Río Piaxtla in Sinaloa (Fig. 4) . Animals in the north (T. a. parviceps) tend to be brown and more densely haired, whereas animals in the south (T. a. atrovarius) are dark gray to black and sparsely haired. Holotype specimens of T. u. musculus, T. u. parviceps, and T. u. extimus at the United States National Museum of Natural History examined by us possess the distinctive external phenotype of T. atrovarius. The holotypes of T. u. musculus and T. u. parviceps were assigned to the Pacific Coast clade (5 T. atrovarius) with fairly high posterior probabilities (0.86 and 1.00, respectively) in the morphometric analysis, and specimens of T. u. musculus and T. u. extimus collected within 25 km of type localities were assigned to T. atrovarius on the basis of genetic evidence. Nelson and Goldman, 1934:119 . Type locality ''Colomo, southern Nayarit, Mexico (altitude 600 feet).'' Geographic range.-Restricted to thornscrub forest habitats extending northward from extreme southern Nayarit to the northern edge of the Río Piaxtla valley in Sinaloa. Eastward from coastal Nayarit and coastal southern Sinaloa to the western slopes of the Sierra Madre Occidental in northwestern Jalisco and southwestern Durango. Specimens previously assigned to T. u. enixus from the western versant of the southern Sierra Madre Occidental extending from the mountains northwest of Bolaños, Jalisco (21.920u, 2103.893u) and 2 miles ESE Plan de Barrancas, Jalisco (21.035u, 2104.178u) westward are assigned herein to T. a. atrovarius. Elevational range approximately 50 m to 2,400 m. Nelson and Goldman, 1934 T. simulus parviceps Nelson and Goldman, 1934:121 . Type locality ''Chacala, western Durango, Mexico (altitude 3,000 feet).'' T. u. parviceps: Hall and Kelson, 1959 . Name combination.
Thomomys atrovarius parviceps
Geographic range.-Restricted to thornscrub forest habitats extending from extreme northeastern Sinaloa and western Durango to the northern edge of the Río Piaxtla valley in Sinaloa. Not known from the coastal lowlands of northern Sinaloa southward to the Río San Lorenzo, an area occupied by the presumed competitor, T. bottae. With the exception of the type locality, all specimens previously assigned to T. u. eximius (Dunnigan 1967; Hall 1981) 
. T. atrovarius atrovarius
Comments.-Where the distributions of T. atrovarius and T. umbrinus approach each other in Sinaloa, western Durango, and Nayarit, key morphological characters can be used to distinguish the 2 species. In northern Sinaloa (,26u N latitude) specimens of T. atrovarius (group G in Fig. 4 ; all dimensions in mm) have ONL , 34.4, NL , 12.6, IOC , 6.6, and ZB , 21.1, whereas specimens of T. umbrinus (group M in Fig. 4) have ONL . 37. 7, NL . 13.3, IOC . 6.7, and ZB . 22.5. In Nayarit (, 23 .5u N latitude) specimens of T. atrovarius (group B) have ONL , 33.0, NL , 11.3 and IOC , 7.0, whereas specimens of T. umbrinus (groups H and I) have ONL .34.0, NL . 11.1, and IOC . 7.0. Although morphological intergradation is expected between the 2 subspecies of T. atrovarius, specimens of T. a. atrovarius collected in the vicinity of the Río Piaxtla (group F in Fig. 4 ) have ONL . 35.2, OIL . 36.5, RW . 6.8, MB . 17.8, and DIA . 13.2, whereas specimens of T. a. parviceps (group G) have ONL , 34.4, OIL , 35.8, RW , 6.6, MB , 17.6, and DIA , 13.1.
RESUMEN
Se redescribe a Thomomys atrovarius para incluir a las tuzas de dientes suaves que habitan la vegetación de matorral espinoso seco a lo largo de la vertiente del Pacifico de la Sierra Madre Occidental de México, a partir del norte de Sinaloa hasta el oeste de Durango, noroeste de Jalisco, y el oeste de Nayarit. Los análisis moleculares de secuencias de ADN mitocondrial y nuclear (incluyendo muestras antiguas de pieles de museo) muestran niveles altos de diferenciación genética entre T. atrovarius y T. umbrinus de la Sierra Madre Occidental (15.4% de divergencia en citocromo-b) y el Altiplano Central Mexicano (16.9% de divergencia). Los intervalos morfométricos y genéticos coinciden aproximadamente y dividen T. atrovarius en dos subespecies, T. a. parviceps en el norte y T. a. atrovarius en el sur, con probable intergradación en los sitios intermedios. La mayoría de los especímenes de T. atrovarius, especialmente aquellos de la subespecie del sur, se distinguen fácilmente de los especímenes de T. bottae y T. umbrinus basándose en la textura del pelaje, y un análisis de morfometría craneal muestra poca superposición entre T. atrovarius y otros clados de Thomomys en México. Un análisis de parámetros de nicho muestra que los requerimientos climáticos son significativamente diferentes para T. atrovarius en comparación con otras especies de Thomomys, y una revisión biogeográfica sugiere que T. atrovarius tiene afinidades ancestrales hacía el sur de su distribución actual. Se provee una sinonímia de T. atrovarius y una clave taxonómica para las especies continentales mexicanas de Thomomys reconocidas actualmente.
